Abstract: Zinc deficiency is a public health concern and is the most prevalent micronutrient deficiencies in developing countries. The main objective of this study was to assess the prevalence and risk factors of zinc deficiency among infants and preschool children. Based on a community, the cross-sectional study was conducted in East Gojjam between October 2011 and April 2012. Two hundred and forty infants and preschool children were randomly selected in the study. Data on potential determinants of zinc deficiency were collected using a structured questionnaire. Serum zinc concentration was measured using atomic absorption spectrometer. Statistical analysis was done using ANOVA, independent sample student's t-test and linear regression model. The mean serum zinc concentration of infants and preschool children was 62.98 (± 13.03) µg/dL in 95% confidence interval (CI) between 61.32 and 64.63 (i.e., 95% CI: 61.32, 64.63). About 57.1% of the subjects were zinc deficient. The main determinants of low serum zinc status of infants and preschool children were age and number of family members living on the same land. Zinc status of older children was 3.67 µg/dL (95% CI: -5.58, -1.77) lower than children who were aged 6-10 months. Serum zinc status of infants and preschool children is decreased by 0.83 µg/dL (95% CI: -1.36, -0.30) with each additional family member. Food insecurity, dietary diversity, sex, child health, anthropometric indices, maternal education and wealth index were not associated with serum zinc status. Zinc deficiency among infants and preschool children is highly prevalent. Such potential deficiencies require urgent attention, including complementary food preparation education, traditional phytate reduction method and family planning implementation recommended in the study area.
Introduction
 Zinc is vital micronutrient, which is essential for normal immune function and physical growth. Micronutrient deficiency, such as zinc, is important nutritional problems, is widespread in many developing countries, including Ethiopia, and remains as major problems among preschool children [1] .
The importance of zinc is reflected by the numerous functions and activities, over which it exerts a regulatory role. Zinc is also needed for nucleic acid metabolism, protein synthesis, cellular differentiation
Methods
This cross-sectional study was carried out between October 2011 and April 2012 as part of a baseline study about the effect of iodized salt on child cognitive development. The data collection took place in 12 districts (woredas) in East Gojjam zone, which is one of 11 administrative zones of Amhara region and is located at 150 km North-West of Addis Ababa, Ethiopia. One village (kebele) in each woreda was randomly selected. According to the 2007 Ethiopian census, this zone has a total population of 2,153,937; only a small fraction (9.92%) is urban, with an area of 14,000 km 2 ; the zone has a population density of 153.80 people/km 2 . The dominant crops in this zone include sorghum, teff, maize and haricot beans, which are grown for both consumption and commercial values.
Sample Size
Sample size adequate for estimating the prevalence of zinc deficiency was computed using single proportion sample size calculation formula with the inputs of 95% confidence level, 10% of margin of error and expected prevalence of zinc deficiency of 50%; 96 children per age group were expected to fulfill a total sample size of 288 children.
Sampling Technique
To determine the prevalence of zinc status, 240 mothers and their children under 60 months of age from 13 woredas in East Gojjam were randomly selected; from each woreda, one rural kebele was selected randomly. From all selected kebeles of East Gojjam, 90 children from 6-10 months, 70 children from 18-22 months and 80 children from 54-60 months were recruited to help government-paid health extension workers and the census team. These children are respectively selected from 6-10, 18-22 and 54-60 months children who have relatively similar psychology development level. In the baseline study, the census team listed all children from each age group in each sub-kebele by visiting house-to-house in collaboration with health extension workers and voluntary health workers. Simple random selection of eligible subjects from the listed households in each kebele was done.
Data Collection Method
Mothers were interviewed concerning the family's socio-economic and demographic information, child's health, food diversity and food security to assess the potential determinants of zinc deficiency. The food
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diversity questionnaire was administrated to mothers and evaluated by using household dietary diversity score (HDDS) [8] . The food insecurity questionnaire was adopted from food and nutrition technical assistance (FANTA) and evaluated by using household food insecurity access scale (HFIAS) on the bases of the average mean of nine indicators of the food security questionnaires [9] . The length of infants and young children aged 6-22 months was measured in a recumbent position and the height of children aged 24 months and older was measured in a standing-up position to the nearest 0.1 cm according to standard procedures [10] . Body weight of children was recorded to the nearest 0.1 kg by using Tanita scale. 
Blood Sample Collection, Serum Extraction and Zinc Level Determination
Data Analysis
Anthropometric indices were calculated using Emergency Nutrition Assessment SMART 2011 software. The indices are expressed as standard deviation units from the median values of the WHO (2006) standard reference data of US children. The wealth index was calculated based on the ownership of selected household assets, size of agricultural land and quantity of livestock. Wealth index quintiles (poorest, poorer, middle, richer and richest) were computed using principal component analysis (PCA).
The statistical analysis was carried out using SPSS 16 for windows. Descriptive analysis was done by using mean, frequency and percentage. Independent sample student's t-test and one way analysis of variance (ANOVA) with Post-Hoc Tukey tests were performed to test the existence of significant association between zinc concentration and independent variables. Linear regression analysis was applied to control confounders.
Ethical Considerations
The study proposal of the main project was 
Results
Background Information about Study Subjects
A total of 240 children aged 6-60 months were enrolled from 13 woredas of East Gojjam and all infants and preschool children were included in serum analysis. The response rate was 83.3%. In this study, all the study areas were rural. The mean child age of the participants was 28.17 (± 21.57) months.
In all studied children, 105 (43.8%) were female and 135 (56.2%) were male. Infants and preschool children enrolled in the study were categorized into three age groups (group 1: 6-10 months (37.50% of the total), group 2: 18-22 months (29.20% of the total) and group 3: 54-60 months (33.30% of the total)). In the total number of mothers of the selected child, 213 (89.10%) were illiterate, 26 (10.10%) were literate and all household heads were farmers. In the study area, the Amharic language, Amhara ethnicity and Orthodox religion followers predominated. Household family members who live on the same land were classified into three groups (small: up to five members, medium: 6-10 members and large: 11 or more), and they held 44.20%, 48.70% and 7.10%, respectively. The average number of household members living on the same land was 6.37 (± 2.99) persons. The wealth index of the participants was classified based on the ownership of selected household assets, size of agricultural land, quantity of livestock and materials used for housing construction by PCA method. Statistical figure of socio-demographic and housing characteristics assumed to be associated with zinc status of children is displayed in Table 1 .
Prevalence of Zinc Deficiency
The mean serum zinc concentration of infants and preschool children was 62.98 (± 13.01) µg/dL (95% CI: 61.32, 64.63) (Fig. 1) . The value ranged from 28.05 µg/dL to 108.57 µg/dL. Serum zinc level for 6-10, 18-22 and 54-60 months age group were 67.08 (± 13.21), 61.41 (± 10.71) and 59.74 (± 13.62) µg/dL, respectively. The zinc status across age groups were statistically significant (F = 7.875, P = 0.000). Serum zinc level of the 6-10 months age group was significantly different from 18-22 months (P = 0.015) and 54-60 months age groups (P = 0.001). But the mean zinc status between 18-22 months and 54-60 .00 *Literacy information for one mother was not available. **Wealth index of the participant household was done by using principal component analysis, which includes possessions (bed, chair, table, watch, radio, mobile, lamp, cater, horse, donkey, goat and sheep), housing characteristics (building materials of floor, roof and wall) and agricultural land. months age groups were not significantly different (P = 0.702) ( Table 2) . Among the study population, 57.10% of infants and preschool children were zinc deficient. The prevalence of zinc deficiency of infants and preschool children for 6-10, 18-22 and 54-60 months age groups were 44.4%, 61.4% and 67.5%, respectively.
Effect of Socio-Demographic Factors on Zinc Status of Infants and Preschool Children in East Gojjam, Amhara Region of Ethiopia
Socio-Demographic Factors and Zinc Deficiency
Infants and preschool children's age was negatively associated with zinc status. This means that as the age group increased, the mean serum zinc decreased. The mean serum zinc levels for age 6-10, 18-22 and 54-60 months were 67.08 (± 13.20), 61.41 (± 10.71) and 59.74 (± 13.62) µg/dL, respectively. Zinc status among age groups were statistically significant (F = 7.875, P = 0.000). The mean serum zinc level for males and female were 62.60 (± 12.31) µg/dL and 63.47 (± 13.92) µg/dL, respectively. Sex and mean serum zinc status were not significantly associated (t = 0.611, P = 0.611). The mean serum zinc level for illiterates and literate mothers' children were 62.81 (± 13.51) µg/dL and 64.66 (± 8.72) µg/dL, respectively, and did not differ significantly (t = 0.495, P = 0.495).
The total number of family members, who live together on the same land, were divided into three groups (small: up to five members, medium: 6-10 members and large: 11 or more) to investigate the effect of family size on the serum zinc level of children. There was a significant difference between the total numbers of people living in the same house and serum zinc level (F = 3.501, P = 0.032). The mean serum zinc level of the selected child, who had 1-5, 6-10 and > 11 household members, were 64.44 (± 11.91), 62.73 (± 13.72) and 55.59 (± 13.13) µg/dL, respectively. Mean serum zinc level of infants and children live in a household with 1-5 members was different from children who live in a household with more than 11 family members (P = 0.025). Data was categorized into five wealth status levels by using principal component analysis. Serum zinc concentration of children, who belong to wealth index of poorest, poorer, middle, higher and highest, had serum zinc concentration of 61.74 (± 13.91), 60.64 (± 12.32), 64.99 (± 14.40), 64.79 (± 13.01) and 62.64 (± 11.32) µg/dL, respectively; the groups did not differ significantly (F = 0.395, P = 0.395) ( Table 2 ).
The level of household food insecurity was assessed using HFIAS. The scale appraises the occurrence of nine food insecurity related events in the household in the preceding four weeks of the survey. Each event that took place resulted in a score (one or zero). Mean serum zinc status of children who lived in food secure households and children who lived in food insecure were 64.06 (± 13.26) µg/dL and 61.89 (± 12.79) µg/dL, respectively; the difference was not statistically significant (t =1.412, P = 0.199) ( Table 2) .
Zinc Deficiency and Anthropometric Indices
The analysis of children's nutritional status, based on the standard deviation units from the median value for the three anthropometric indices (height-for-age, Means numbers with superscript a are significantly different with numbers with b, but numbers with superscript a and numbers with a, b are not statistically different.
P value of wealth index, total number of household members and age were determined by using ANOVA and Post Hoc-Tukey test; P value of sex, literacy of mother and food security were determined by using independent sample student's t-test. *The mean difference is significant at P = 0.05 level. **Wealth index of the participant household was done by using principal component analysis, which includes possessions (bed, chair, table, watch, radio, mobile, lamp, cater, horse, donkey, goat and sheep), housing characteristics (building materials of floor, roof and wall) and agricultural land. SD: standard deviation. .70) of the total 240 children included in the survey were found to be stunted, underweight and wasted, respectively. Males had a higher prevalence of stunting than females (56.3% vs. 43.8%, P = 0.019). Among the three age groups, 6-10 months age group (31.11%) had the lowest prevalence in stunting relative to 18-22 months (61.76%) and 54-60 months (41.25%) age groups (P = 0.000). The mean height-for-age Z-score (HAZ) of infants and preschool children who aged 6-10, 18-22 and 54-56 months were -1.32 (± 1.17), -2.19 (± 1.06) and -1.84 (± 1.11), respectively (F = 9.356, P = 0.000). The mean serum zinc concentration of those who were stunted was 63.66 (± 13.21) µg/dL, while the mean serum zinc concentration of non-stunted subjects was 62.58 (± 12.90) µg/dL. The mean concentration of zinc between the two groups were not significant (P = 0.527). Also, there were no statistical difference in mean serum zinc status of infants and preschool children who were under weight (P = 0.869) and thin (P = 0.686) ( Table 3) .
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Zinc Deficiency and Child Health
We observed that 14.6% (35/239) of the children presented episodes of fever and 19.3% (46/239) of the children presented episodes of diarrhea during the 14 days preceding the enrollment day of interview and blood collection in the study. The mean zinc serum levels level of children with episodes of fever and children with no such episode were 62.62 (± 14.31) μg/dL and 63.11 (± 12.80) μg/dL, respectively; the mean serum zinc level difference between the groups was not statistically significant (t = 0.200, P = 0.842). The mean serum zinc of children who were presented episodes of diarrhea and children with no such episode were 63.83 (± 12.51) μg/dL and 62.84 (± 13.21) μg/dL, respectively; mean serum zinc of the two groups were not statistically significant (t = -0.478, P = 0.644) ( Table 4 ).
Zinc Deficiency and Food Diversity
In this study, most of the participants consumed grains (teff, sorghum, millet, maize, barley and rice) and legume (mostly beans), few participants (n = 4) consumed lentil products among six food categories within 24 h. There was a minimum consumption of vegetables, very few children consumed meat products, and only 17.5% of children had milk. Among the study subjects, only 2.5% (6/240) of children consumed meat and egg products ( Table 5) .
As shown in Table 5 , statistical significances found in mean serum zinc concentration values between infants and preschool children who ate cereal group (t = 2.602, P = 0.010) and legume products (t = 2.230, P = 0.027). But there was no statistical difference in mean serum zinc status of infants and preschool children who P value was determined by using independent sample student's t-test; Z-score is a statistical measure that reflects the relative deviance form the median value/standard (< -2 Z-score indicates the child is stunted; > -2 Z-score indicates the child is not-stunted). P value was determined by using independent sample student's t-test; SD: standard deviation. P value was determined by using independent sample student's t-test. *Means the mean difference is significant at P = 0.05. Grain and tuber: teff, sorghum, wheat, millet, maize, barely, rice and cassava; legumes and nut: bean, chick pea, lentil and nut; milk and milk product: milk; meat: beef, lamb, goat and fish; vitamin A rich food: papaya, peaches, tringo, mango, tomato, sweet potatoes and leaf vegetables.
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ate milk and milk products (t = -0.427, P = 0.670), meat (t = 0.959, P = 0.338), egg (t = 0.844, P = 0.399) and vitamin A rich foods groups (t = 0.687, P = 0.493) in comparison with their counterpart (Table 5) . As shown in Fig. 2 , children above the subjects who consumed exclusive breast feeding had a better zinc status than the children who consumed group 1 and 2 (P = 0.020). There was no different zinc status between infants and preschool children who were breastfed and children who ate one, three, four and five food categories.
The linear regression model analysis was used to control the confounder in distal and proximate factors.
In the distal factor model, the number of family members who live on the same land was the main determinant factor in zinc status of infants and preschool children. This factor was significant in both unadjusted (P = 0.006) and adjusted linear regression analysis (P = 0.006) ( Table 6 ), but maternal education, food security and economic status were not significant contributors on zinc status of infant and preschool children in both unadjusted and adjusted linear regression analysis (Table 6) . In proximate factor model, dietary diversity was significant before adjustment, but there was no association after adjustment. Age was the main factor which influenced zinc status of infant and preschool children. Association with age was significant in both unadjusted and adjusted linear regression analysis. But, sex, height-for-age, fever and diarrhea were not significantly associated with zinc status of children.
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As shown in Table 7 , age and total number of household living on the family land shows significances with children serum zinc status (P < 0.05); but in the final model, dietary diversity shows statistical significance without strong association with serum zinc status of infants and preschool children (P = 0.104).
Discussion
Among the participants, 57.1% of the children were zinc deficient. Many subjects in all age groups had zinc levels below the cutoff point used to define zinc deficiency. The reason might be that consumption of animal sources is mostly limited to occasional public holidays, which indicated minimal intake in most of the rural areas of Ethiopia. Thus, one can expect a high prevalence of zinc deficiency in Ethiopia [12] . Moreover, many studies conducted in developing countries showed that the prevalence of zinc deficiency was higher in rural area than in urban area [13] [14] [15] [16] .
There is a lack of agreement on the normal variation in plasma zinc values according to age. Wouwe and Waser [17] found no age-dependent variation in total serum zinc among healthy Dutch infants and children. Likewise, Karr et al. [18] Number of family: total number of household members living on family land. Food security: the level of household food insecurity was assessed using HFIAS and categorized into two groups: 1 = above and 2 = below the mean of nine point. Wealth index: wealth index of the participant household was done by using principal component analysis, which includes possessions (bed, chair, table, watch, radio, mobile, lamp, cater, horse, donkey, goat and sheep), housing characteristics (building materials of floor, roof and wall) and agricultural land. Age categorized: infants and preschool children were categorized into three age groups: 1 = 6-10 months, 2 = 18-22 months and 3 = 54-60 months. Sex: categorized into male and female, 1 = male, 2 = female. Diarrhea: yes or no category (0 = no, 1 = yes), the children presented episodes of diarrhea during the 14 days preceding enrollment of the day of interview. Fever: yes or no category (1 = no or 2 = yes), the children presented episodes of fever during the 14 days preceding enrollment of the day of interview. Dietary diversity score: the categories were determined by first asking if the mothers had fed their children a particular type of food (30 different types) in the previous 24 h. A score was then calculated to determine how many different type of food groups were consumed by children. *Means the relation is significant at P = 0.05 level. 1 Infants and preschool children were categorized into three age groups: group 1 = 6-10 months, group 2 = 18-22 months and group 3 = 54-60 months. 2 Total number of household living on family land was analyzed per unit, but not categorized in the final model. 3 The categories were determined by first asking if the mothers had fed their children a particular type of food (30 different types) in the previous 24 h, and then a score was calculated to determine how many different types of food groups were consumed by children. *Means the relation is significant at P = 0.05 level.
the plasma zinc values in healthy preschool Australian children and found no significant age-dependent variation. Also, no association was found between serum zinc status and age among preschool child in
Effect of Socio-Demographic Factors on Zinc Status of Infants and Preschool Children in East Gojjam, Amhara Region of Ethiopia
32
Delhi [19] and Mexican [14] . However, the results of the study showed a significant difference in mean serum zinc concentration among 6-10 months age group compared to children in the higher age groups (F = 7.875, P = 0.000). The result is consistent with the finding in Nepalese [20] and Brazilian preschool children [21] , in which older children were found to have lower mean zinc levels than younger children. The analysis showed that older children had 3.67 μg/dL (95% CI: -5.58, -1.77) lower serum zinc than children who were aged 6-10 months. This might be due to appropriate breastfeeding practices among younger age group, which might lead to better zinc status. Moreover, in this survey, the children's foods was based on cereals and legumes, so older children had lower plasma zinc concentrations than the younger children due to the low intake of zinc rich food, like animal product, as well as low bioavailability of zinc in cereals, legumes and vegetable origin food, since older children food is similar to that of adults. The mean serum zinc status among male and female children was not statistically different. This findings is consistent with the previous other study in preschool children living in Delhi [19] , Ecuadorian [22] , Chinese [13] and Uganda [23] . But, Thurlow et al. [24] conducted a study on risk of zinc, iodine and other micronutrient deficiencies among school children in Thailand; the result revealed that male sex represented a risk factor for zinc deficiency.
In this study, the family size affected serum zinc status of children (F = 3.501, P = 0.032). The result may be attributed to the extended family in the Ethiopian society. Zere and Mclntyre [25] reported the same results that family size is one of the factors, which affects child's nutritional status, and Reyes et al. [26] reported that the greatest protective effect of stunting was found in Mexican children cared exclusively by their mothers. The authors' result was inconsistent with the findings of Chinese study, in which children from small families (≤ 3 persons) had a higher prevalence of low serum zinc than those from large families (41% vs. 34%, P < 0.001) [13] . In this study, when family members increased by one, serum zinc status of infant and children is more likely to decrease by 0.83 µg/dL (95% CI: -1.36, -0.30). In the extended family, this might be because the mother cannot find enough time to care for the child, or might not be able to find healthy balanced food which indicated low quality of life in extended family.
Even if zinc deficiency is a widespread nutritional problem affecting low socio-economic status in both developed and developing countries [27, 28] , some studies show that the socio-economic variables were only weakly associated with plasma zinc concentration in 6-35 months old Nepalese [20] and Chinese children [13] . The zinc status by wealth indexes did not significantly differ (P > 0.05), which might be because all of the participants were from the rural area and there was not enough variation among groups. The wealth index is relative (not absolute) measure of wealth. So, in relatively homogeneous population in the study area, it may lack power.
In this study, the mean serum zinc status and food security were not significantly associated. This might be the subsidiary demanding of the society.
Among the three age groups, 6-10 months (31.11%) group was the lowest prevalence in stunting relative to 18-22 months (61.76%) and 54-60 months (41.25%) (P = 0.000) age group. This result is consistent with other studies in Ethiopia [29] [30] [31] and other developing country [32] . The result was consistent with a national nutrition survey, which was conducted in 2010 and revealed that in the Amhara region, 45% of children aged 6-59 months were stunted [33] . Anthropometric indices were not significantly associated with plasma zinc in Nepalese [20] , Ghana [34] , Uganda [23] and Vietnam in the study [35] . Stunted children are more likely to have lower zinc intake and plasma zinc concentration than non-stunted children [16, 29] ; however, stunting is a long-term cumulative effect of malnutrition, but the serum zinc status is a The concentration of plasma proteins maybe reduce because of increased protein catabolism, reduced synthesis during infection and intestinal protein loss during diarrhea. According to WHO and UNICEF report, zinc deficiency plays serious role in the cause of diarrhea, and it agrees with their recommendations to use of zinc supplementation for the treatment of childhood diarrhea [36] . A study in Uganda [23] , Brazil [37] and Nepal [20] reported a decline in zinc concentrations in the serum of children with persistent diarrhea was significantly lower than that of children without diarrhea. However, presence of diarrhea and/or fever (used here as markers of inflammation) during the 14 d preceding the child's entrance to the study, was not associated with significant changes of zinc serum levels. This result is consistent with the result of Ferraz et al. [21] , in which there was no strong correlation between serum zinc status of child and occurrence of diarrhea or fever at the enrollment time of child. This was probably due to the fact that at the time of data collection, the survey regarding presence of fever and/or previous episodes of diarrhea was conducted using an open interview depending on more accurate recall by parents, which is not always possible and may cause some bias in data collection.
Millions of people throughout the world may have inadequate levels of zinc in the diet, due to limited access to zinc-rich foods (animal products, oysters and shellfish) and due to the abundance of zinc inhibitors, such as phytates, common in plant-based diets [38] . Also, Kapil et al. [39] assessed the status of serum zinc status among tribal population in India. It was reported that 52.9% of tribal population had deficiency of zinc as revealed by their mean serum level, because their main staple diet was rice and maize. In East Gojjam community, the main staple diet was based on maize, sorghum, wheat, millet, bean and teff. At the time of data collection, most children consumed legume and cereal products in the previous 24 h. These cereals and legumes have high amount of phytic acid and the bioavailability of these foods is very low [40] . Statistical significant relationship was shown among children under five months who ate cereal and legume product and those who did not eat them (P = 0.01 and P = 0.027), respectively. But these significances were diminished in linear regression model in dietary diversity score.
On the other hand, there was no mean serum zinc difference between children who ate meat and egg and children who did not eat them. This might be that the amount and frequency of meat consumption was not enough. Because organ, flesh meat and poultry products do not contain any known specific anti-nutritional factors that hinder zinc absorption. Eggs and dairy products are also rich in zinc and free of phytates, but they have slightly lower zinc than in organ and flesh foods [41] . Also, there was no mean serum zinc difference between infants and preschool children who ate vegetables and who did not eat. The higher order phytates, like inositol, hexaphosphate and pentaphosphates, found in most cereal, legumes and vegetables, are known to bind to zinc and form poorly soluble complexes that lead to reduced absorption from the intestinal lumen [42] .
Based on the dietary diversity score, a child who consumed breast milk had a better zinc status than the children who ate food of group 1 and group 2 (P = 0.020). This might be that children's complementary food is prepared predominantly from cereal and legume products, and such foods with high phytate may interfere with the absorption of zinc from breast milk [43] . Moreover, breast milk is the only dietary source of zinc for exclusively breastfed young infants and it remains a potentially important source of zinc for older infants and young children [44] . This is why infant had better zinc status than young children who ate food of group 1 and group 2 in this finding. In this study, the dietary score was significant when it was analyzed with unadjusted linear regression model, but it diminished when it was analyzed in adjusted linear
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regression model. This might be due to confounding factors, like age.
Conclusions
The prevalence of zinc deficiency of infant and preschool children was 57.1%. According to IZiNCG, the zinc deficiency prevalence rate of greater than 20% is considered a public health concern in the infants and preschool children of East Gojjam. 
Recommendations
Zinc deficiency is prevalent in a community due to low intake of zinc reach food. Direct approaches to increase the zinc status of infant and preschool children should aim at increasing the amount of zinc intake, either through dietary diversification and diet fortification, or through reducing the intake of zinc inhibitors by processing techniques. Dietary diversification to include more micronutrient rich foods in the diet is generally considered to be a sustainable approach in solving most micronutrient deficiencies. However, in the context of East Gojjam, advocating the increased inclusion of foods rich in bioavailable zinc in the diet will be difficult to achieve, since zinc rich foods are usually from animal and the relatively high cost of animal source foods make it less accessible to most poor families. In the study area, the children eat cereals and legumes products which have high content of phytate; so phytate reduction techniques, such as soaking, germination or fermentation at household level, should be encouraged in study areas. In addition to this, nutrition education is very important to mothers or caregivers about preparation of nutrient dense complementary foods for infant. Lastly, family planning implementation also is recommended in this area. A limitation of the present study is no information on acute infection indicator test, like C-reactive protein (CRP) and α-1 acid glycoprotein (AGP), which likely reduced serum zinc concentration due to the redistribution of zinc from serum to the liver.
